The aim of the current study is to investigate the anti-cancer activity of propolis on liver cancer, with a mechanistic approach. Ethanol extract of the collected propolis was prepared using maceration technique and anti-cancer activity of the extract was investigated on liver hepatocellular carcinoma cells (HepG2 and Hep3B cells) by focusing on viability, intracellular ROS level, total antioxidant status and apoptosis through caspase-3 activity. Total flavonoid content, total phenolic content and ferric reducing antioxidant potential values of the propolis were determined as 505.12±10.08 (mg QE/g), 308.72±5.33 (mg GAE/g) and 247.64±7.27 (mg Tro/g), respectively. Ethanol extract of the propolis induced statistically significant (p < 0.01) decreases in viability of hepatocellular carcinoma cells, HepG2 and Hep3B cells, as evidenced by IC50 values (e.g. IC 50 values of 72 h treated HepG2 and Hep3B cells were 25.62±1.50 and 31.74±2.72 μg/mL, respectively). These powerful cytotoxic effects are caused by statistically significant (p < 0.01) decrease in intracellular ROS level by natural antioxidants such as flavonoids and phenolic acids, as well as statistically significant (p < 0.01) increase in apoptosis induced by caspase-3 activity. These results suggest the great potential of propolis as a potent anti-tumor compound in liver cancer treatment for further researches.
Introduction
It is expected in this century that cancer will be the most important reason of death and the leading obstacle to rise in life expectancy; over 18 million new cancer cases with over 50 % mortality has been mentioned in 2018 estimates [1] . In spite of the progresses in the treatment of liver cancer, it continues to be one of the most challenging cancers to treat [2] . With over 840,000 new cases and over 780,000 deaths annually, among 36 cancers, liver cancer is forecasted to be the sixth and fourth in terms of diagnosis and death rates, respectively, in 2018; in terms of death percentages of new cases, liver cancer is forecasted as the second (~93%) after pancreas cancer (~94%) among 36 cancers [1] . For patients in early stage, recurrence is an important issue after remedial treatment, besides, liver cancer is generally detected at later stages, which is not appropriate for the remedial treatments; in addition, conventional chemotherapy has lack of effectiveness and low survival rates [2] . Therefore, new strategies with minimal side effects are crucial for liver cancer.
trees and bole wounds, to cover and sanitize the inner surface of the colony nest [3, 4] . Accumulated evidence demonstrates that propolis has very complex chemical structure; different propolis samples have more than 300 compounds [5, 6] . Collection time, geographical origin, local flora and tree species determine the chemical structure and color of propolis; for example, while the main ingredients of European and Chinese propolis are flavonoids and esters, the main ingredients of the Brazilian propolis are the terpenoids and coumaric acids [5] . Due to its vast variety of therapeutic (biological/pharmacological) properties, propolis has long been used to prevent and treat variety of diseases [4, 5, 7] .
Thus, propolis can be involved in alternative treatment strategies for liver cancer. However, although numerous studies have reported on the efficacy of propolis on many types of cancer cells, a limited number of studies have investigated the anti-cancer activity of Turkish propolis [4, 6, 8] , and these limited studies have lack of mechanistic investigation of Turkish propolis on liver cancer. In this context, the aim of the current study is to investigate the anti-cancer activity of propolis from Central Anatolia region of Turkey on liver cancer, with a mechanistic approach. To this end, ethanol extract of the collected propolis (the most common and the most effective formulation [6, 7] ) was prepared using maceration technique, and anti-cancer activity of the prepared extract was investigated on liver hepatocellular carcinoma cells (HepG2 and Hep3B cells) (hepatocellular carcinoma accounts for great majority (~90%) of primary liver cancer cases [9] ) by focusing on viability, intracellular ROS level, total antioxidant status and apoptosis through caspase-3 activity.
Material and Methods

Materials
Cell lines (HepG2 and Hep3B) and culture media components (Eagle's Minimum Essential Medium (EMEM), Dimethylsulfoxide (DMSO), Fetal Bovine Serum (FBS), Trypsin-EDTA Solution) were purchased from American Type Culture Collection (ATCC, Manassas, VA, USA). All chemicals (analytical grade), FolinCiocalteu reagent, Dichloro-dihydro-fluorescein diacetate (DCFH-DA), MTT assay kit and Caspase 3 Assay Kit were purchased from Sigma Aldrich (Saint Louis, MO 63103, USA). The Cell Death Detection ELISA Kit was purchased from Roche Diagnostic GmbH (Mannheim, Germany).
Propolis Raw Material and Preparation of Propolis Extracts
The propolis samples were produced by honey bees (Apis mellifera L) in Kayseri (Central Anatolia region of Turkey), and were provided from the local beekeepers. Preparation of propolis extracts was carried out as described previously [6] . Briefly, 1 g propolis in 20 mL absolute ethanol was incubated at 60 o C and 150 rpm for 24 h; using filter paper and 0.22 μm filters, supernatants were filtrated after centrifugation at 4000 rpm for 10 minutes.
Total Flavonoid and Polyphenolic Contents
Using aluminum chloride spectrophotometric assay [10] total flavonoid content of the extracts was detected. Briefly, ethanol extract of propolis (0.5 ml) was mixed with 2% AlCl 3-ethanol solution (0.5 ml); the absorbance measurement was carried out at 420 nm following incubation at room temperature for 1 h. The values were expressed as mg quercetin equivalents per g of sample dry weight. Three different experiments were performed in triplicate in three different weeks.
Using the method of Singleton & Rossi [11] total polyphenol content of the extracts was detected spectrophotometrically by the Folin-Ciocalteu reagent. Briefly, ethanol extract of propolis (0.5 ml) was mixed with the Folin-Ciocalteu reagent (0.5 ml) and 10% Na 2 CO 3 (0.5 ml); the absorbance measurement was carried out at 760 nm following incubation at room temperature for 1 h. The values were expressed as mg of gallic acid equivalents per g of sample dry weight. Three different experiments were performed in triplicate in three different weeks.
Ferric Reducing Antioxidant Potential
Using ferric to ferrous ion reduction method at low pH [12] , the reduction power of the extracts was detected. The values representing antioxidant potentials of propolis extracts were expressed as mg trolox equivalents per g of sample dry weight. Three different experiments were performed in triplicate in three different weeks.
Cell Culture and Maintenance
The liver hepatocellular carcinoma cells (HepG2 and Hep3B cells) were cultured in Eagle's Minimum Essential Medium (EMEM) supplemented with 10% fetal bovine serum, 100 UI/mL penicillin G and 100 μg/mL streptomycin, 20 mmol/L 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid (HEPES), adjusted to pH 7.4 with 1 mol/L sodium bicarbonate. The cells were grown in poly-L-lysine-coated flasks at 37 o C, 5% CO 2 , 95% air in a humidified incubator and confirmed free of mycoplasma infection through regular testing. Sub-culturing was performed at intervals of 48 h, and cell growth was monitored using an inverted microscope; to ensure stability of cell line, in the experiments, cells were used within eight passages.
Cytotoxicity Assay
Both HepG2 and Hep3B cells were seeded in culturing plates and divided into three groups: I) Blank group containing medium without HepG2 or Hep3B cells; II) Control group containing medium with HepG2 or Hep3B cells that are not treated with the ethanol extract of propolis; III) Test group containing medium with HepG2 or Hep3B cells that are treated with different concentrations of the ethanol extract of propolis (0-100 μg/ml).
HepG2 and Hep3B cells in the logarithmic phase of growth were seeded in 96-well plates at a density of 10000 cells/well. 24 h after seeding, the cells were exposed to the ethanol extracts of propolis (10, 25, 50, 75 and 100 μg/ml) for 24 h or 48 h or 72 h (the control group received medium only) at 37 o C and 5% CO 2 /95% air in a humidified incubator, followed by incubated with 50 μL of MTT (5 mg/ml) for another 4 h. The supernatant was removed after centrifugation (1250 rpm at 4 o C for 5 minutes); then, 100 μL of DMSO was added and absorbance at 550 nm wavelength was measured using an ELISA reader. Three different experiments were performed in triplicate in three different weeks.
Intracellular ROS Level
Oxidative stress was measured by the Dichloro-dihydro-fluorescein diacetate (DCFH-DA) assay as described previously [13] . 2 x 10 4 cells were seeded on 96 well/plates and incubated with DCFH-DA probe for 40 min. Then, medium was removed and cells were exposed to the ethanol extracts of propolis (10, 25, 50, 75 and 100 μg/ml), (the control group received medium only); the cells were incubated at 37 °C for 24 h and fluorescence of the samples was read at 485 nm (excitation) and 527 nm (emission) wavelengths using a microplate reader. Three different experiments were performed in triplicate in three different weeks.
Apoptosis/Necrosis
The Cell Death Detection ELISA Kit (Roche Diagnostic GmbH, Germany) was used to detect apoptosis/necrosis in HepG2 and Hep3B cells exposed to the ethanol extracts of propolis, as described previously [14] . Briefly, cells (1 × 10 4 ) were seeded in 96-well plates; after 24 h of treatment with the ethanol extracts of propolis (10, 25, 50, 75 and 100 μg/ml) (the control group received medium only) the supernatants and lysate of cells were extracted and incubated in the microtiter plate modules coated with streptavidin. Subsequently, to detect immobilized histone/DNA fragments followed by color development with ABTS substrate for peroxidase, a mixture of anti-histone-biotin and peroxidaseconjugated anti-DNA antibody was used. Finally, the results were analyzed spectrophotometrically after measuring absorbance values at 405 nm using an ELISA reader. The apoptosis and necrosis were expressed as fold change of absorbance value over that of control group. Three different experiments were performed in triplicate in three different weeks.
Caspase-3 Activity
Using a Caspase 3 Assay Kit, Colorimetric (Sigma Aldrich, Saint Louis, MO 63103, USA), the activity of CPP32/caspase-3 was determined in cell extracts, as described previously [15] . Briefly, the HepG2 and Hep3B cells exposed to the ethanol extracts of propolis (10, 25, 50, 75 and 100 μg/ml) (the control group received medium only) for 24 h were collected and lysed with cell lysis buffer. Following incubation of cell lysate in reaction buffer that contains peptide substrate (DEVD-pNA, 5 μL) for 2 h at 37 o C, absorbance at 405 nm wavelength was measured using a microtiter plate reader. The activity was expressed as fold change of absorbance value over that of control group. Three different experiments were performed in triplicate in three different weeks.
Statistical Analyses
To determine whether there were any statistically significant differences between the means of the groups, one-way analysis of variance (ANOVA) with Tukey HSD test was used. Data were expressed as the mean ± standard deviation (SD) from three independent experiments with three replicates. For all the statistical analyses, as the threshold for significance, p<0.05 was used.
Results
Total Phenolic Contents and Antioxidant Potentials of Propolis Extracts
Total flavonoid and polyphenolic contents, and ferric reducing antioxidant potential of the ethanol extract of propolis were determined as mg quercetin (Q)/g propolis, mg gallic acid (GA)/g propolis and mg trolox (Tro)/g propolis, respectively, and the results were presented in Table 1 . Results were expressed as the mean ± SD
Cytotoxicity Assay
Cytotoxic effects of the ethanol extract of propolis were tested on liver hepatocellular carcinoma cells (HepG2 and Hep3B cells). Cytotoxicity was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay in propolis treated (0-100 μg/ml) cancer cells after 24 h, 48 h, and 72 h treatment, and the results were presented in Figure 1A (HepG2 cells) and Figure  1B (Hep3B cells).
Using MTT cell viability assay results, time dependent halfmaximal (50%) inhibitory concentration (IC 50) values of the ethanol extract of propolis were determined for hepatocellular carcinoma cells (HepG2 and Hep3B cells), and the results were presented in Table 2 . Results were expressed as the mean ± SD
Figure 1. MTT assay results for HepG2 cells (A) and Hep3B cells (B).
Significant difference with respect to control is denoted as *p value < 0.01
Intracellular ROS Level
It was analyzed that whether the cytotoxicity of the ethanol extract of propolis is correlated with the intracellular ROS levels of the hepatocellular carcinoma cells (HepG2 and Hep3B cells), and the results were presented in Figure 2 . 
Apoptosis/Necrosis
It was analyzed that whether the cytotoxicity of the ethanol extract of the propolis is due to apoptosis or necrosis,. In terms of necrosis, no statistically significant differences (p > 0.05) were found as compared to controls as well as among test groups. The apoptotic effect of the ethanol extract of the propolis was presented in Figure 3 . 
Caspase-3 Activity
The role of caspase-3 activity in apoptosis of the hepatocellular carcinoma cells (HepG2 and Hep3B cells) was investigated, and the results were presented in Figure 4 . 
Discussion
The previous comprehensive study [16] examined propolis samples from various regions in the world, and reported total phenolic content as in the range of 31.2-299 mg GAE/g and total flavonoid content as in the range of 2.5-176 mg QE/g. Total phenolic and total flavonoid content values of the collected propolis (Table 1) can be accepted as high values. These values are consistent with the previous comprehensive study [17] containing propolis samples from 54 distinct areas of Turkey (the study does not contain the region from which propolis samples were collected in the current study). Thus, in the light of accumulating evidence, it can be inferred that Turkish propolis is characterized by high total phenolic and flavonoid contents.
The FRAP value representing antioxidant potential of the collected propolis samples was measured as 257.64 ± 7.27 mg Tro/g sample dry weight. The value is consistent with the previous studies reporting FRAP values belong to Turkish propolis as 246.8±0.01 mg Tro/g sample dry weight [18] as well as other studies containing propolis from close region of Turkey, e.g. it has been reported that propolis samples from distinct areas of Iran have FRAP values in the range of 31.5 -1650 mg Tro/g sample dry weight [6, 12] . It is well known that the antioxidant capacity of bee propolis is dependent on its content; some studies [19, 20] have shown a strong positive correlation between the total content of phenolic compounds and antioxidant capacity of bee propolis, whereas others [21] found no considerable relationships [22] . In addition, both content and properties of bee propolis are dependent on the kind of its plant source, the time of harvesting as well as the conditions of the plants growing like soil or climate [22] .
HepG2 and Hep3B cell lines have crucial advantages for in vitro studies of hepatocellular carcinoma; they are the most widely accessible and decent defined liver cancer cell lines, in addition, they have a lot of common features, thus they allow parallel testing [23] . Therefore, after determining favorable total flavonoid content, total phenolic content and antioxidant potential characteristics of the collected propolis samples, their anti-cancer potential was investigated on hepatocellular carcinoma cells using HepG2 and Hep3B cell lines.
MTT assay illustrated that highly significant differences (p < 0.01) in viability values of the hepatocellular carcinoma cells were found between control and test groups as well as among test groups with some exceptions: For HepG2 cells 24 h: p < 0.05 between 10 μg/ ml and 25 μg/ml treated cells as well as between 75 μg/ml and 100 μg/ml treated cells, 48 h: p < 0.05 between 50 μg/ml and 75 μg/ml treated cells, non significant (p > 0.05) difference between 75 μg/ml and 100 μg/ml treated cells, 72 h: non significant (p > 0.05) difference between 75 μg/ml and 100 μg/ml treated cells; For Hep3B cells 48 h: p < 0.05 between 50 μg/ml and 75 μg/ml treated cells, non significant (p > 0.05) difference between 75 μg/ml and 100 μg/ml treated cells, 72 h: non significant (p > 0.05) difference between 75 μg/ml and 100 μg/ml treated cells.
From Figure 1 representing dose and time dependent toxicity of ethanol extract of the propolis on HepG2 and Hep3B cells and [23] ; and thus, accumulating evidence strongly suggests that generally, HepG2 cells are highly susceptible to xenobiotics compared to Hep3B cells [24] [25] [26] . Therefore, the observed differences between viability values of these cells after treatment of ethanol extract of the propolis ( Figure 1 and Table 2 ) may result from the differences between HepG2 and Hep3B cells in terms of p53. Significant toxicity on p53-deficient Hep3B cells in a dose and time dependent manner illustrates that cytotoxicity of ethanol extract of the propolis on hepatocellular carcinoma cells contain p53 independent pathways.
On the other hand, IC 50 < 30 μg/ml as the cytotoxic activity of an extracted compound is stated within acceptable limits by the American National Cancer Institute (NCI) [17, 27] . Accordingly, the propolis extract in the current study can be evaluated as an antitumor compound in terms of 72 h treatment for the hepatocellular carcinoma cells (the IC 50 value of 72 h treatment for Hep3B cells is at the boundary). 48 h treatment of the propolis extract also has significant anti-proliferative effects on HepG2 cells; the IC 50 value is on the upper limit.
ROS assay illustrated that highly significant differences (p < 0.01) in intracellular ROS levels of the hepatocellular carcinoma cells were found between control and test groups as well as among test groups with some exceptions (non significant (p > 0.05) difference between 75 μg/ml and 100 μg/ml treated HepG2 cells; p < 0.05 between 25 μg/ml and 50 μg/ml treated Hep3B cells).
In cancer cells, free radicals can cause: At low levels, activation of signaling pathways and induction of cell reproduction; at moderate levels, promotion of stress responsive genes and cell survival; at high levels, damages in macromolecules and organelles that results in senescence or apoptosis [28, 29] . Due to its natural antioxidants such as flavonoids and phenolic acids, ethanol extract of the propolis decreased intracellular ROS level significantly (p < 0.01) with the anti-radical activity ( Figure 2 ). Accumulating evidence strongly suggests that cancer cells are more sensitive to ROS level compared with healthy cells [30, 31] ; thus, in correlation with the decrease in ROS level, cytotoxicity of the ethanol extract of the propolis increased in a dose and time dependent manner.
All concentrations of ethanol extract of the propolis caused highly significant (p < 0.01) increases in apoptosis rate in comparison with controls in hepatocellular carcinoma cells. Besides, highly significant differences (p < 0.01) in apoptosis rate of the hepatocellular carcinoma cells were found among test groups with some exceptions (non significant (p > 0.05) difference between 10 μg/ml and 25 μg/ml treated Hep3B cells; p < 0.05 between 25 μg/ml and 50 μg/ml treated Hep3B cells) (Figure 3 ). On the other hand, the number of necrotic cells in cell line supernatants was determined; no statistically significant differences (p > 0.05) were found as compared to controls as well as among test groups. Thus, the cytotoxicity of the ethanol extract of the propolis on hepatocellular carcinoma cells (HepG2 and Hep3B cells) contains apoptosis rather than necrosis.
Caspase-3 assay illustrated that highly significant differences (p < 0.01) in caspase-3 activity of the hepatocellular carcinoma cells were found between control and test groups as well as among test groups with some exceptions (p < 0.05 between control cells and 10 μg/ml treated Hep3B cells).
Due to being an executioner caspase in apoptotic pathways, caspase-3 activation is a very important step inducing apoptosis; thus, this activation is extensively used as an apoptotic marker [32] [33] [34] . Therefore, the activity of caspase-3 in hepatocellular carcinoma cells (HepG2 and Hep3B cells) was measured to evaluate the role of caspase signal cascade in apoptosis. And, it was found that ethanol extract of the propolis significantly induced the activation of caspase-3 in a dose-dependent manner (Figure 4 ).
Conclusion
The results revealed by the current study suggest the great potential of propolis as a potent anti-tumor compound in liver cancer treatment for further researches. Due to their potential as therapeutic agents against various disease conditions, natural products including propolis have been used in medicine for many years; on the other hand, partly due to their low bioavailability, they have less impressive success in clinical trials [35] [36] [37] . Therefore, the incorporation of nanoparticles into natural product delivery systems will be a notable progress to enhance their therapeutic efficacy [35] [36] [37] [38] [39] . In this context, nanoparticles (e.g. superparamagnetic iron oxide nanoparticles (SPION) in safe concentrations [38] [39] [40] ) will be very efficient nano carrier system for extracted bioactive molecules of the propolis from Central Anatolia region of Turkey, to increase the mentioned therapeutic effects. The studies to increase the therapeutic potential of the propolis through SPION-based nanotechnology approaches are ongoing in our laboratory.
